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In undertaking # study of the princivel anatomical and 
histologicel cherecteristics of « few represen}itative types 
end species of sand strand { Peammophytes ) snd selt aersh 
( Halophytes ) plants , it was propose to attempt to point 
out end to correlate thoee features thet would lend thens 
for protection and edeptive purposes to such plants, inhabit- 
ing e region where there are euch differenf end changing eon- 
along the const. For this work 
Plente vere selected thet were not only from representitative 
avecies ani families but also fron the strand ond marsh areas 
thus to show adeptetions te widly diverse erline conditions. 

The opinion enouns 


slves 


gome seems to be that conditions 

in the sané dunee end the sandy sotle of the beach are the 

of d{sdlved aineral eealts 
as they ere in the mud flate «nd the brackish evmaps. This 
belief is borne out by stetenents sede by Contejean { I ) in 
an account of the strand vegetation in southwestern France, 
alse by Sehimper { ¥ ) in e etatement meade by hia in *flenren- 
285 ) and by Varing (VII) who definitely 
states that _the send strand vegetation is halophytic. This 
eoncertion however hee been proven by Yearney ( II ) , ‘aprart 
( IV), "elly 4.2. (IIT) end others to be quite erroneous. 

: fearney shores thet not only do changes occur eccording 
to the type of soil but elso to the time of yeer, end thet 
alge there is a slight chenge of soluble salts present at 
different levels, 1.e. 3da * Sdn. ) 

Meesert in hie worke carr'ed out on thé Jelgian strend 


atctes thet on anelysis reversals that there is ebout 0.02. 
539414 


®@ane with reference to the eszmount 


ohie { so 


2 


Tr per I00 perte of water andthdt orobebly little 


aifference is encountered unless it is on the seaward slorpr 
where the eprey is driven upon the beech byd the winds. Via:- 
It might be well to state here that the normel selt concen- 


tretion in ordinary ¢ 


on gol is about 0.02. 


Of the two conceptions here stated the letter is undoubt- 


edly the mare accurate = 
that not onlg ie the Istter the ease but also that the san¢ 


aT ing teble will chow 


strand plents ectually ere living under zerophytic conditions 


Yo which type of Dirnte they are frequently clesred. 


The following teble compiled from the work of Tearney{ '04) 


vt : “ F 


and with the crea 


these conditions. The teble includes only some of those piants 
thet ere directly connected with thie onper. 
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This shows 2 great fluctuation in the pereent of soluble 
salte in the sandy beach soil ae compared with the saline swamp, 
soil. In fact it shows @het the problem that 7#e plents must 
Combet fe on the one hend ex excess of disdlved mineral celts 
and on the other hand a deerth of minerel salts the latter probably 
exoleining the presence of extensive root eyetems of the beach 
Slants end especially in the ecsace of the ‘onocotyledons . Other 
aifficulties thet the plants of the outer besch cust encounter 
(1@ Intense reflected light;{2) Intense reflected heat ($3) Ocern 

These plents being of neceessity of somevhat # xeropiytic 
eherecter contrast beautifully with the haloohytic plente. it 
was with these pointe tn view thet this problem was undertaken . 

The materiel exployed in thie vork vee collected fron the 
Dicotyledoncous plents oorincicelly in the recion of “lLlawood, 

sm el cases the root , aten , and leaf were used whenever 
they were oresent, “owever in cases like Limonium carolinienus 
where the etem is such that it is imporsible to procure cections 
fron it due to the fect thet the lerves are radicel thus leeving 

reround stem of eny sccount, the flower ctelk was used, 
ergrouns stem, rhisene,Fte. were siso studied whenever 

they vere present. 

he sections end wer face sections of the leaf "te. whenever necessary. 

“Likewise appropriate tes$s were nede for cell content It was 
deenc’ o@videble. For the ceke of undforn aaterisl and for 
contract, a eaffranin and lieht green etein was adoptec. Alth ugh 
@ few other coubinrtions would probably have proven es satis- 

"factory the ease ond perfectness of the result of this combination 


spray cerried sometines by execed 


orinctpelly by means of traneve 


te 


“lent iteelf quite adiquetely to our purpose. 

It is ® peculier privilege of the suther to acimanledce 
his profound epprecistion to Dr. "alter Steckbect. under whose 
able guservisiton thie problem was conducted for meh assistance 
end valuable suggestions end eriticioss offered him during — 
this study ee well as for the suggestion of the prob’em itself. 
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 Phrn. ( Aleinacese ). Or Arenaria 

veploides | Ls Ga Caryophylleceae ). his is the sea-beach sand- 
wort found along the eestern coast from Virginie northward; also 

| in parts of northenn Surope end Asia. Perennial, herbaceous, 

with stems ® foot or’ more in height. Erect or creeping bearing 

glabrous , fleshy, opposite, seseile leeves. The eeriel cstens 

etise froa Bong rootstocks, the letter sre often buried in the 

gend to e depth of three feet. Adventitious roote Gevelop fron 

: ground stom. The parts studied were the root, the buried 

stem , the succulent aerial stem and the lesf. 


Root’ Anatomy:- A mature root shows in traneverse section 
epidermis with few broken root. heirs, narrow cortex of empty cells 
ending with the endodermis, five layers of cork cells, cork 
cambium which hes the usual pericyclic origin , vascular tissue 
with the usual phloem , cambium and xylem. The bundle is diarch. 
In some roots the endodermis and cortex had been sloushed off 


as usually occurs in roots after cork develooment begins. 
Between the protoxylem arms and extending outward tword the 
cambium ere large piited vessels seattered through the xylen 
re which cells have no definite cell content. 

The underground stem eas we have 
already mentioned often extends into the send to a depth of thee 
feet end devebops many adventitious roots , Such stems however show 


anatomical features that differ from the overground stem. (see fig.) 


The epidermis which has been either entirely or at least 
in part sloughed off is followed by the cortex and a few starch 
containing cells along with a very well defined endodermia. All of 
htese are outside of a zone of four or five thin wall«@ cells 


a 


which ere suber’-ed, brownish end show in the younger cells 
much protoplassaic content and are therefore eloughed off as the 
cork developys. Inside of the cork ring is the cork cambiun end 
next ds a wide area of phicem , a definite cembium and normal 
The most striking feature not only of thie plant but also 
of the entire group is the decided absence of nedull-ry rays. 


Stem- Overgroung:- § In the a2eriel portion of the stem 
the chief differences in the anatonay tnelude & well defined 
and eutinized epiderais » & wider certex of living cells, an 
enfoderaic thet sfows aerked thickenings on the rediel walle 
and to @ slight degree on the inner tangentiel wells. There 
is alco # merked absence of cork. (seo fig. ) 


Leet: - The leaves of this plent show the presence 
of stomata on both the upver and the lower surfecer but hoverer 
the greater number ie found on the lower surface. 


Internelly these Leaves show aeany 
orystgic . The paliende tissue is very loose and spongy. *he 
bundles show e usedien arrangenent and eround eech one there is 
e sheath of light welled parenchyma cells. : 


e 


Hook. 


An annual, with fleshy stem and leaves, branched from a long tap 


root and growinc very close to the edge of the ocean, in fact as 


near to the water as any other flowering plants. It is found on the 
shores from Newfoundland to Florida, elong the shores of the Great 
Lakes and also on the coast of California. 


The fruit of this plant is eleo of some interést because the 
pod when ripe is divided into two joints. The upver joint slightly 
longer then the lower is ovoid,flattened and narrows into a berk 
above, “hile the lower joint is obovoid end not flattened. It 
furthermore is an indehiscent frait which is unusuel for this 
family. 


The anatomical features es determined from transverse sections 
of the respective parts- root,sten, and ‘eaf, are principally as 
follows. 

Rooti-< 

There ie little found in the root thet can be con- 
sidered to be of any creat divergence fron the typical structure. 
Going from the exterior inward we note a well defined cork area, 
which hae been derived from an equelly well defined cork cambiun. 
A fTAlse cortex just before the phloem region , which is iteelf 
quite prominent end appears to be from 6 - & cells wide on the 
everace. The xylem on the inner side of the cem>ium contein con- 
siderble numbers of pitted vessels. There is also shown quite 
wide end prominent medullary reys. 
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The stem shows a large cortex, A characterictic 


thickenings on the inner walls. The best fibere further towerd the 
interior of the stem are slichtly lignified. There is also the 
usual phicen, xylen, end cambium end many prominent protexylen 
arms end « considerable area of pith. Any additional minor details 
of structure ere the same as are seen in other nornsl stens. 


The leaves have prerent, stomets, on both the upper 
and lower surfaces and internally have es loose pelisede on both 
sides with a spongy mesoohyll Nixes tissue between these two layers | 
and which in turn contain the bundles. 


Seattered through the epidermal layer are numerous enlerged cells 


which seem to function as water storage cells . We Likewise note 
nuabers of other peculiar cella that give ell indications of being 


thet bhey. sre the former not only from their structure but also 
from the fact that they heve been found frequently in several other 
members of this group end even of thie ¢>nus. 


 leeesbinetneds the seaside or knotweed epurge, ie an anmel which 
: grow® very close to ocean shere it is constantly washed over by sea 
water. The plant branches from the bose and is spreading and prostrate. 
| Leaves are eeall and opposite. This plant ia found along the eoast 
4 from Rhode Igland to Florida and alao on the shores of the Great Lakes. 
|  Heot:- The anatomy of the mature root te practically normal. 
a “From the surface are found in succession, cork, phellogen, S MAS row 


o phelloijiers ( or aerenchyma?), small amount of phices, bundle caabiua, 


ee xylem. There is alight evidence of medullary raya. 


aie - Shem:~ The stem shows a definite epidermis with heavy cuticle 

; : and the inner walle of the epidermal layer strongly thickened. The 

- cortex comprises an- area of 10 to-l4 cells wide, with an outer 
‘@ollenchyma the walls of which“slightly thickened. In the inner cor- 
tex are larige latex tubes. Well-defined bast fibers are seattered 


‘Through the pericyole., The soft bast forme @ narrow zone and is 

i. followed by the cambium and the xylem with ite large pitted veasele 
and prominent protoxylem arma projecting inte the pith region. 
 ngag:= The epidermis shows strongly-cutinized outer walie 

and thickened tangential walis. In eontrast to seet of the species 
 @ halophytes examined the seaside spurge haa atomata on the lower 
“eide omly of the leaf. There is no definite palisade on either side 
but in ita place are loose sesophyll eelis. The prominent chlorenchyma 
e@lle are grouped radially around the bundles, and densely filled »ith 
“chloroplasts. The bundles are ewall, collateral and medianly arranged. 
Latex tubes are scattered through the mesophyll, but most abundant near 


the bundles. Papillose, water-storage celis are noted in the lower 


ee: 
eka tan 


—Slsole Zali \. “he prickley ¢lasewort or Russian thistle 
ng profusely and bearing orick!ie pointed, 
subulate leaves which are terete in cross section. It grows in 
the drier gand end usurlly near the ocean and ie found plentifully 
in both healepheres. | 

Reot 3 There ie found in the mature root, cork , cork 
 @ambium, s very small amount of phellodern end bundle tissues. 

The errangesent of the bundle tissues ic quite similar to 
that of orny other seabers of this feally which show enonalous 
structure. The developzent begine with the norssl dierch structure. 
_After e short time the bundle caubium develops in the pericycle. 
This then forme xyles and ph’oem with quantities of thick con- 
junctive tissue between the conductive vascular elements. This 
aevelopnent of accessory bundle developnent continues end the finrl 
appearence of the root is quite di‘ferent from that of the average 
root structure.. The resultent condition is that{there are then 
petehes of phleemend functionless canbiua seattered through 
‘the root with s ring of functioning cambium et the periphory of this 
anono’' cus Gevelopaent« There are no medullary raye formed. 

Steg:- ({ “lete I crgttt, The etem still caries out « 
siniler development ss thet just seen in the root. The cells of 
the episermis show heavy cuticle on the outer walls as well es 
heavy thickening on the inner tancentiel walle, also the reguler 
ring of eolderael eclle are frequently interructed by the presence 
of stoncte in addition to the develooment of r‘bs of collenchyna 
ee'ls that extend into the projecting surface rid:es of the stem 
Inmedistely beneeth the epidermis te a layer o¢ chlorenchyma celle 


| Ig 
( Che- fic Ti >. Next and abutting against this chlorenchyma layer 
is a leyer of starch contéing cells. These cells form a single 
layer and are arranger with their longer axes at right engles to 
the longer exes of the palisade cells. The middle and inner cortex 
is of harge thin walled cells thrt contain many scattered con- 
glomerate crystels. The cortex is then followed by « bundle cambita 
which se in the root functions only in a centrinetal direction, fera- 
ing xylem, p> loe=m and conjunctive tiseue on the inner side. Project~ 
ing into the lerce pith a en many protoxylem arms. 

 Leafi- letel - tig.! )} The leaf circular in outline shows 
e@gain the reguler epidermis with the characteristic well thicken- 
daings. On opposite sides of the leaf eppcar 2lso patches of coll- 
enchyma with projecting esurfsees ‘hus forming ridces. /s usual 
many Stomete ere seen. Direotly under the epidermis is 2 nerrow 
layer of ehlorenchyma end =» layer of sterch containing cells 
Similar to that seen inthe stem with the same arrangement but slight- 
ly sore prosinent. At the junctions where these rings of sterch cells 
and chlorenchyma are interrupted by ‘he collenchyma ribs there appear 
Small patches of bundle elements. Directly in the center of the 
lerf ic situeted the mid rib bun‘le of nérmel develop: 


or aerating 


surroundedm by a large ares of aqducous “tissue of larce thin welled 


cells. 
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_Dondie agritizn (1) Druee or Suede asritlina Dunort 
(Chenopediacese}, the ennuel sea-blite. One of the typleal 
helophytic plents inhebiting regions slong the ser beaches 


sendy end mud4y chores end in the salt marches, where eccord~ 


ine to “eerney end othere the selt concent ation ie rether high. 

Dendie (or Sueda) hee e rather wide distribut ion being 
found on the shoree from ou 
southercrd as well se on the shores of ‘orthvestern North 
America end in Eurone. 

be root structure shows the cherrecterteatic 
anoantous development seen in so meny members of thie group. 
The cork in Geveloped normally from the pericyclic cork cemb>bius 

ghed off the epiderais 


sbec, to New Yor:, ‘ew Jersey ené 


false corticel region. The bun 
ae thet in “aleols comaence: 


die ecanbium formed sinilerilfy 
f ef ¢ normel dierch bundle with 


‘functionins caabium which Taye dom ,o9 loen , xylen end con. 


junctive tiesue. Thie development continues periodically with 
the result thet the reot does not appenr a? #11 like the cherecter- 
fetic normel etracture,- there enverring petches of function - 
less caabium end phloem surrounded by xylem end conjumetive 
tieoue. | 

Steg:- Epicermie ef celle witht the usual outer and tengent- 
isl wall thictenings end a few stometea ic seen fobliowed by a 
ring of chlcorenchyma- discontinuous because of the developsent 
of ribe of collenthyma. In the region of these ridges the 
chlorenchyaa is much more éifuce then otherwise. 


hes on its tone side a sonewhet at defined endodernia 
end in the region of the pericyele bast fibers are formed 
foll wed by a cambium that shows e condition similer té that 
encountered in Selsola thus being in generel that type of 
Gevelopment seen in the root The extensive pith erce that 
occupies the centrel poftion of the stem hae projecting into 
it,many quite proainent protoxylen eras. 

| Leaf:~ The leaves are emall, Wleshy, en obtusely tri- 
@nguler in outline. The epidermis with siallar characteristic 
protection as others studied shows «eny pepillose cells, « 
eer os Se ernest saan lower. 
Stomata are present on beth surfeces, although 

| conjunetion with well defined double palilende 

sesttered thrcuch which are muciiage sacs that envelope larce 
nusbera of reohides. These are contained in celle thet are 
sbundent In both the ab- end adaxiel sides of the leaf. In 
addition to the bundles of rachides that ere tabedded in the 
mucllage ,any other erystels are seen diectributed throuch the 
mesoohyll ee well es in the upper and lower epidernis. 


at 
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| Atriplex hastata _ le  lalbert-leaved Grache, an annusl srowing in 
more of « saline soil than ‘triplex arenaria. it ie found in the ealt 


meadows and wagte places being most abuniant near the coset and iu die- 
tribution from fiova Beotia to “outh Carclina. 

Root:- jhe cork which shows « normal development that is coming 
trom the pericycle, has by its development eloughed off the cortex and 
the epidermis but however bene«sth the cork is = narrow area of aerenchy ae 


“@ is gharacteristic of this group the bundle hase developed as « 
@iarch, the cambium laying down the ususl phloem, xyem and conjunctive 
tineue thie then veriedically becomes functionlers ani s nev cambium arising 
in the pericyele ana it following the course porsued by the first; thus in 
the 6: sascaed root patéhes phlceem angi functionless cambium are seen seattered 
Tere are Seat Sites pitted veseols and no pith. 

ta Stem:- The epidermal ee@.ia have developed haavy cutin thickeniags 
on the outer walls ae well as heayy thickenings on the inner walls. An 
anussily large number of stonats, elightly sunxen , are seen, Immediately 
7 der the epidermis is s continuous layer of chlorenchyaa interrapted only 
by the prosence of well developed protruding ribe of collenchyas cells. 

th e cortex two to five celle wide contains many conglomerate calcium 


a by xylem and eons 


anctive tissue. 


Ds late oryetale. Jumercus and iarge patches of bast fibers are seen develop- 
: ia the vericycle snd foliosing thic is a emall eambium the devepopment 

ng the came type of structure ac seen in the root. the pith area haze 
ding into it promingnt pretoxylem arme and at times slmest entire 


Leaf: in the epidermis which hus developed similar protective t 
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_ thiekeninze as eeen in the stom, are sean very slightly sunken stomata as ‘ 
well as numerous papillose cells. there is no distinct palisade formed 

but however layers of chlorenchyma sre preseng om both sides. +he median 
portion of the leaf which lies between the layere of chlorenchyma ia 

made up of loose mesophyll and the small collateral bundles, the midrib 
bundle being much larger that any of the others. Distributed generally 
throughout the feat are quantities of conglomerate crystals. 


| 16 
| ftriplex srenerie “utt. 


Atriplex ersnerie ‘“utt { Chenovodircese ) The sea veach 
Atriplex, en annual, profusely branching, and be 
Snell oblong leaves that cary the flowere in their exile. In 
range it is found on the echores from “assechusets to Ploride. 
Eegt:- the cor here has develoved normally and in 
© off the epidermis end the cortex, how- 
ever benesth the cork ring is en srean of falee cortex in the 
nehyaa tissue which has been formed by the bundle | 
nutuel éevelopment of tissue on the cuter sur. 
face of the cambium in noted in other members of this fenily, 
especially in species of Telicornia end Dondis 
‘Following the continuous ring of cambiun te noted egein 
thet usunl enomrlous develepment of xylem , pulcem and con {june 
etive tissue ae seen in Seleola, “ueda (Dondie) and Atriplex 


* 


_ften: The epiderns] cells ce e neeey euticle laid 
down on its outer surface in addition te heavily thickened 
Welle, “he oresence of etomata i= eleo noted re 

feet thet there is ebsolutely no ‘race of chi orenchyne end 

thet the outer cortex hes developed © quantity of yell ssrked 
eollenctyse. In other respects the cortex ic normal end@ conteins 


aclomerate crycteile. 

The petohes of beat fibers of which there are not 2 creat 
its inner side has develosed coaplete bundles each with xylen 
end ohloem arrnnged collaterelly end with the veeculer strands 
surrounded by conjunctive tissue. As in other meabers of the 
there ere no medullary rays developed , The central 


fe eer 


h the pericycle. The e:abium on 


27 
portion of the stem 1s occupied by « large amount of pith in 
the cells of which many large congloncrate celaium oxalate 
eryetaks ere found simi'rr to thoes insthe cortex. 

Leaf:- As usual the epiderate shows the heevily thicken- 
ed guter wells. On the outer surface quentities of lerge pepil- 
‘lose celis appear end heve taken the form of rounded spheriesl 
hairs. These cells ers more pronouncefl in size end abundance 
than eny other plant examined. Stometa appesr on both sides . 
fio definite pslisade has been differentisted but however there 1s 
definite mesophy11 present. 

_ ‘Sheathe around the bundles as in “uphorbia sre composed 

of chlorophy1loid cells. these cells are filled with chloroplasts 

end elso through thé mesophyll few chloroplasts ere scattered 

but however these are sore ebundant in the regions of these. 
chyna sheaths. Distributed throug 

eare seen and ere very auch enlarged over those of the mesophyll 

ceils and contained in these are aany lerge, beautifully formed 

conglomerate crystals. : 


h the leaf crystal cells 


Qenothere Hunifuse “utt. or Reinennia humifues “ose 
{Oneeracere) the sen side evening primrose, » low somewhat 
sprerding plent brenehing from the base end usually «dove, 
with both leeves and stem covered by many very small white 
heirs. The plent iteclf accending from a tong tap root which is 
developed for sone distance down into the sand. The stem is quite 
touch elthouch the leeves are somewhat thickened- slightly lobed 
ana beer the yellow nocturnal flowers in their exile. the plent 
ie found along the beeachee renging fro. New Jersey to Florida. 

29ots- The internal enetony of this species proved intense- 
ly interesting principally because of the vaerirticns eas compared 
withb those types previously studied. +he histological structure 
of the mature root,takeni in “eptember, showed on the surfece a 
nerrow zone of poorly defined cork followed imuedistely by ea falce 
cortex which abutte against a narrow eres of phleem. In the cortex 
ere found meny lerge crystel conteining cetis. The erystals are 
generelly blunt reds but however in gome sections there are meny 
which are loncer, pointed end wider then the usual raphides found 
in olente. 

) There is else seen a very definite and continuous ring of 
eembiun giving rise on its inner sive to en eren of xylem which 
shows rether cleerly a tetrarch condition . The metaxylen of 
which thereis ea wide sone, has aany pitted vesgels ceattered through 
it. The wood fibers are thin walled and not very cleerly indi- 
eeted . “Large ahd quite distinct medu!lary rays sre present. 

Sten:- “he older and younger type of stem have both been 
studied. The former being cut from nesr the pop of the stem and 
the latter from near the baes of the stem both ereas being teken 
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from the sane plent. 


_ In the structure of the youner stem there is seen « well 
defined epidermis frou which there are cent out numerous large 
haire each coming from 2 lerge moltice)luler bese, the shaft 
being of one or # few cell: iteng and one cell wide with walls 
cicmees Gi sil ctfes, 2 2 

The outer cortex is composed of chlorenchyma cells and ¢ 
few seattered musciiege canals. Then in the medio-eortex there 
are scattered bndles of raphides. Next in the pericycle there 
eppear the bast fibers which ere slightly lignified in thés stage 
end contain much living content. Seeides this there is alco a 
fing of soft bast, a ring of cambium end e ring of xylem. An 
interest ing and enomelous cheracter o@ this stem is the develop- 
ment of emell petches of internel phloem thst ere ecattered and 
extend into the outer pith erea. 

The older stem taken from the bese of the seme plent as wes 
the younger.chow a development of cork in the pevicycle. The epi- 
@ermis andc cortex eélls about to be sloughed off. Sext to the 
epidermis the compressed end now narrow cortex end also in this 
region some tennin end many muci age celle sre found. Then 
successively - @ well defined cor: zone composed of large thick 
celic , a quite narrow sree of phloem formed by the cambiun es “ell 
es a wide xylem recion. as wae elso noted in the y uncer stem 

there are abserved patches of internal ch'cem cortions of which 
extend int- the outer pith. Rephides ere noted distributed through 
the pith cells. 

Leaf:- ‘The epidermis of the leaf also shows large heirs 
of the same type ac those found on the stem- that is - either few 
celled or unicelluler «ith multicellular bases and the c@als of 
the sheft being thickened off all wells. There are etonsta on both 


surfaces with their guar’ celle directly exposed at ‘he surfece. 

There is also prlieade shown on both the upper end lower sides, 

that on the upper being slightly wider then thet on the lower. 

& very striking end prominent feature of thie leef is the 

presence of many lenge eclls containing revhides, with each cluster 

of cryctals being enveloped in @ “Kich sheath of mucilage. These 

cells ere scattered through the palisade and ere carllel with the 
prophylloid celle of the oelieede but much lerger. The puntites 

4 medienly ere eiell end show the ususl structure. 
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Linon‘ um cerolinients ‘Plumbaginaceae) en oceen eide plent 
abundant in selt mershes where it ic frequently covered over by sea 
water. This is en American plant found along *he Sastern seaboard 
from the Labrador to Florida and Texas. Tt is ea perenn'sel with e 


thick fleshy tep root, no definite stem end « rosette of large leseves. 
From the center of the rosette arises the flora! axia to e height 


of ® foot or more. 
Root:- ( Plate II fig. VIII ) There is a definite cor: which 


hee develoved from a well defined cork cembium which in turn h-s 


®louched off the epidermis and the cortex. A wide area of phellodern 
which is not clearky separated from the next zone, the phloem. In 
this plant e¢ in eertein others it is difficult to determine how 
much of thie tiecene , between the cork cambium and the bundle 
cembium is formed from the phellogen. Or is it all developed from 
the bundle ermbium? The main fonction, aoparently, of the outer 
porthon of this eree is for eerstion ( eerogehyns ) -« The bundle 
Cambium is followed by the xylem with the usual conducting en@ 
mechenical elements. The bun@le is e dilarch. 

Stem (Forel axie) (PleteII fig.vI ) Here one first notes 
en epidermis of amall cells heavily thickened on beth the outer 
and inner tangentiel mle followed by 2 relatively saell cortical 
eredwhich renges from ten to twelve cells in depth. Then the phloem 


and cambium which normally should eppemr next ,doee not, except 
for = emell peteh of celle which eppeer now end egein in various 
sections . However the following expleinetion ceeme to lend itself- 
nemely thet ‘n the younger plente or rether in the youncer stages 
of the florel axis there is developed ae nerent eambium end phloem 
but as the season advences these are lost and are replaced by | 


£2 
heavy lignified tissues throughout which are scattered many 


large end small collateral bundles. ‘Co.3. °ig V1) . Inside of 
thie sree of Lignificd tissue which forms e ring of varied depths 
are medullery semiconcentric bundles end « lerge region of pith. 
Althouch there i: no chiorenchyne present in the axis nevertheless 


there ere scattered through the epidermis slichtl} sunken stometa. 


Leaf:- The leef structure appears quite normal showing stonata 
on both sides with by fer the greater number on the upper side end 
with e good pelisade on the lower side end » rather poor one 
on the uoper. fiso scattered through the leaf are many crystals - 
emell cubie“ce well as conglomerete. 

The bundles are nedianly iovems 
and with « light perenchyme sheath surrounding erch one. The 
epiderael valle ere well cutinized end ac usual show the heavy 
thickenings on the tengential wells slso, end on the lower side 
the epidermel ‘eyer is followed by a row of definitely erranged 


ed . are simple collateral 


ce'ls. fmouns the epidermel cells ere also seen meny enlarge’ — 
cells, probcbly buleild celis, thet is , water ator-ge cells. 

ejso in addition to *he erystels thet are distributed through 

the leaf there is such tennin end sucilage, as deter ined by «aicro- 
chemical tests. ‘ 


Solidago semperverens L ( Compositae ) ( Plate I; fig III - 
V ) . The sea side golden rod, a perennial found on the salt 
marshes, sea beaches, along tidal rivers and in sandy soil 
near the sea from New brunswiclt to Florida and Mexico and also 
in Bermuda. 

Root:- The epidermis is composed of very heavily 
thickened cells and is followed by a cortex that is made up of 
loose and aerenchyma like tissue. In the inner cortex close to 

| the endodermis are found generally five oleoresin canals. Each 
eanal stands out quite strikingly and ie lined with e layer of 
secreting cells. The endodermis and pericambium are also very 
well developed. The phioen of which there are five patches dev- 
eloping from the pentarch bundle abutts against the pericambium, 
The bundle cambium forms the usual bundle elements. The central 
portion is occupied by only « small amount of pith, 

Stem: - The epidermis again shows the characteristic 
protective thickenings end immediately beneath it is developed. 
The ordinary cortex likewise composed of loose aerenchyma like 
tissue, the cells of which , contain a small amount of cell 
content. Through the cortex are scattered many small oleoresin 
canals which seem to be arranged in tawo regions;°- one ring 
of small canals just inside of the epidermis and the other 
just outside of the principal ring of bundles. They are else seen 
in connection with the cortical ( leaf trace ) bundles that 
are distributed through this region. The coftex ends in an 
endodermis which is quite clearly shown, as it is in so many 
stems of the Compositee. Following the endodermis is seen the 


exceedingly well developed hard bast, then the soft bast, bundle 
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Cambium, amd the xylem. In the outer pith and rether closely 
associated with the bundles is enother ring of eleoresin canals 
these being much jarger theh those in the cortical regfhon. 
Occasionly ‘there is seen # similer cansel deeper in the extensive 
pith region bu this however in not generally the cage. Develop- 

, ing on the inner side 6f the bundles is observed a decided 
medullary sheath. ; 

Leaf:- The cheracteristic protective thickenings are 
sgain seen on the epidermal cells and scattered through them is 
® considerabje amount of cell content. Fron depresions in the 
epidermis srise _ well marked trichone hydathodes (solitary) 

{ PlaBe I; fig [Ii ) as well as stomata but the latter however 
are in the same plane as the epidermel cells. The pelisdde which 
is of & somewhat spongy natére is formed on the ucpper and the 
lower sides the two layers meeting in the median portion of the 
leaf thus elimineting any definite loose mesophyll. The bundles 
ere elso medianlly arranged and directly associated with each 

is a emell oleoresin canal. The bundle structure shows the normal 
collateral condition. | 


, 


Beceheric heliatfolie 1 (Compositee), the eroundsel-tree 
or -bush, slso known as the pencil tree. It is a brenching shrub 
which is found flourishing not only es a helophyte but extending 
at times auch beyond s-line influences. Tt ie distributed elong 
Sait merehes, as well as extending sometimes scme distances inland, 


fron ‘escachuset ts te Mioride and Texrs. 


fhe structure of the reot reveale nothing striing 


or enonal-us. the cortex made up of rether loosely arranged cells 


showing the presence of e few oleoresin canale forns the outer ares. 
The cork in this particular reet 1s developed superficially instesd 
of coming from the pericycle. The endodermis end the pericycle 

are well indicated in the y unger poote end are still re 
able in the older stages. 

The bundle cylinder shows cleerly a tetrereh systea with « 
large amount of netexylen. Next the eambium which forns a contin- 
uous ring; the soft baet,end arrenged 
patches of hard best.. 

Steg:- $$ The outer walleof tte epidermis sre exceedingly 
heavily cutinized and the inner ones although they ere thickened t 
the degeee of thickening ie auch less than that of the outer walls. 
There s¥e e plentiful nunber of stoncta present and are raised 


in the vericycle sre lerge 


 @eeldedly. Groupe of multicellulsr hydathodes are seen ar'sing 


from depressions in the epidermis, sialler to those in the leaf. 
Jyst under the epiderais ‘s 2 region of chlorenchyma¢g and ea cortex 
of loosely erranged cells thet orobably serve for serating purposes, 
In the region of the pericycle end directly in front of the bundle 
are petehes of very heavy beat fibers seny of wich heve sesocieted 
with them smell resin duets or canale thet ere lined with secret~ 
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ing cells. Setween theseand the bundle caubium are especially 
well develooed phloem patches. *he bunélee chow, the trpicel 
Dicotyledcnous structure. Around the port ions of these bundles 
which border an the Isrge pith serea serked sedullery athe 
are formed. In the older stems cork develops norsally. 
Leaf:- the outer wells of thy leaf ere well cut inized 
rent not ae vell, sasrked 


 @@ thoce on the cuter walls. 


Both surfaces of the leaf give rise to stonsta w ich are 

on the same level eas the epidermal cells. “rom depressions tn 
cups of culticellular hydathode 

nterrupted only in th region of the aldrib. Ter 
portion, that ic between the upper and the lewer | leyere of the 
pelteade, the loore ueetonhy! 


s. Apalieade 


resin cansis ere observed which agetn seem to be sesceleted with 


ie iadine. i eet AS 
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In the general morphology of those plents studied of which 
there were eleven species repres:nting eight @ifferent families, 
all Licotyledons, the mein fertures include a slight deve!opaent 

ef succulency of the stem in such types as Cekile end Selsola, 
the leaves ate thicker in these atrend plents thah in the typics1 
mesophytic forme, or th leaves may be reduced in size as they 
are in Dondie and Salsola,those of thlatter being eylinderical 
- 4m shape. | 

Prom en histological stend point the ecaperison of the root. 
structure amoung the several ty es studied, it seems apoarent 
that the structure follows that which is cheracterictic of the 
ehenge or 


respective femily or genus, ani thet little if any 

| modification is brought about to cope with the environments] ch 

changes. The cork has a pericyclic origin except in Saccheris 
helimifolia where it is superficiel. 

In the sten the respective group ehareeters as displayed 
in the root are quite frequently carried out es far as the 
vasculer development is cencerned. However there seems to be 
@ connectiion between the size of the leaf, «nd thereby the amount 
of transpiration surface, and the presence 
enchyma in the sten. 

It is further noted that”the subuerging of the stem in 
the sand, as in ‘onkenya, the epidermis,cortex and endodermis 
_are 211 sloughed off by the developme 
in the perieycle. 

‘The leaf however shows the greatest nusber of varied changes. 
For all ‘epestes studied it was observed thet a double palisade 


of stomate and chlor- 


at of cork which originctes 
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or chlorenchyua was developed and stomata were present on both 
sides, never sinken, ora atb the meat only slightly, there being 
only one exception where stor-'ta were present on only one side 
of tk leaf, (Suphorbia) In the case of two species of 
Compositae where hydethodes were ajso present arising fron 
depressions in the epidermis. In both the stem and the leaf the 
epidermal cells show universelly heavily-cutinized outer wells 
 e8 well as heavily thickened tengentiel walle. 

In Suphorbie polygonifolia and Atriplex arenaria the chlor- 
enchyme fern: dense sheaths around bundles. Thie is apparently 
en attempt on the part of th chloroplasts to retrert away from the 
light as far es possible. — | 

Calcium oxalate crystals of varied shaves are found in 
practically all of the species examined vith tee exceptions. 


CONCLUSIONS 


I- Roots show little or no change of structure with resoect 
to environnent. 

2.— Reuction of surface area in the Teef to carry on the 
excess transpiration ic compensated for in the stem by the 
frequent development of chlorenchyma and stomate. 

3.- The vaseuler structure of the stem shows « similer 
Gevelopment as that of the root of the reeapective plant groups. 

4... Chloroplasts in the leaves of “uphorbia polygonifolia and 
Atriplex arenaria retreat as fer es possible from the strong Light 
and arrengen themselves in the regions of the bundles., 

5.- The leevee show stomata on both surfaces. Papillose , 
weter storage cells, sre common in the epidermel layers. AMlouble pu... 
atea is the rule. 
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6.< Aorenchyas develops fre quently in roote end in 
stems vhere these ere submerged in water or buried in sand. 
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Abbrevistions: ix, cortex; °h, chlorenchyne; S1,stersh 
econteining celle; C,cambium; P, phloem; 4, hydatrede; RC, resin 
eenel; “cS, semiconcentric medullary bundle; CC, cork cambium 

End, efldodermis; PtX, protoxylem;"", nedullery rays; 5, petehes 
of bast fibers; Bf, bundle fibers Co, collenchyma 3 py, peri- 
@yele; Ph phellodera. 


“tg I- ‘ransverse section of leaf of Selsole “ali.(Ch) - 
ecollenchyma next to epidermis(*1) followed by starch conte ining 
celis(Tx)sortéx(Co) collenchyma (Sf) bundle fibers. 

: Fig II- “ection of T.c. stem of S. “sli (P) phicem eur- 
rounded by. xylem end conjunetive tissue (Co) the collenchyaa 


ribe(Sl) leyer of starch cells between epidermis end (Ch) chlor- 
enchyma interrupted by (Co) the collenchysa ribs (C) eambiuna 
Fig I1I-B.S. of leaf of Solidago seapervérens (1) hydathode 


and (RC) resin canal closely related to the bundle 
Fig IV- T.°. of root of 5. seuperverens (RO ) resin canels 

( Bnd) endcderais (Py) pericyele (Tx) cortex (*) phloea (c) cembius . 
Eig- v T.Se stem of %, semcerverens (PtX) protoxylen (PF) 

phloem (¢) cambium (RC) resin canal. 


Fig NI- T.o. Floral axis of Limonium cerelinianus 
cortex (C) ermbiua (SeB) cemiconcentric neaullery bundle. 
Fig VII- T.S. Stem of Atriplex irstate (Pt<>} prominent 


protoxylem (3) patches of best fibers (¢) eenbium (P) phloem 
(Tx) cortex. 
obi vitr- T.c. Soot of Limonium errolinianum (Ph) pChello- 
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Germ (%R) medullery rays arising (CC) cork cambium .— 

Fig IX- 1.5. Underground stem of HWonkenya Peploides (Cx) 
cortex(CC) cork cambium arises (End) endodermis (P)phloem (¢) 
ceabiun. | | : 
Pig Xe 7.8. Overground stem of 4. peploides({Ph) phellodcrm 
("nd) endedermis (Tx) cortex 

Pig Xi- T.°. Stem of Euphorbia polygonifolia ( °tX} proto~ 
xylem (°) phloem (c) eembium(Tx) cortex. 


% 


; ie 
Pan 
Ae ae 


P if 

: 

i a 

' a 
i ¥ eles a 
F Aen 
y . " : 
y i 

i ig: 
| r y ( 
! ; . p ake, 

i f 
a EE 
é . ce? 
; 
4 
1} ; 
| 
1) 
‘ 
* 
ec bs 2 aa ¥' y 
‘ t 
: iy 


‘ni 


1198/05512/3330x 


